A trial fibrillation (AF) is a complex disease that requires appropriate oral anticoagulant therapy (OAC) to mitigate risks for stroke. Low socioeconomic status (SES) patients are at particular increased risk for stroke and may have a higher comorbidity burden, less access to care, and lower rates of optimal medication adherence relative to their higher SES counterparts.
1,2 Past studies have reported that patients insured by Medicaid, a social health care program for lowincome individuals in the United States, are less likely to receive evidence-based cardiovascular therapies than those with private insurance. 3, 4 With the marked expansion of individuals receiving coverage by Medicaid, it is increasingly important to understand how type of insurance may influence care and outcomes of AF patients. 5 Recent analyses of administrative claims data have reported treatment disparities in stroke prophylaxis by insurance status, with Medicaid patients being significantly less likely to be taking OACs relative to those with private insurance. 6, 7 However, because administrative claims data are limited by lack of detailed information on potentially important comorbidities, estimates of appropriate treatment may be imprecise. Additionally, beyond warfarin, novel OACs (NOACs) have recently become available and possess several advantages relative to warfarin, but are more expensive and therefore may be less accessible to lower-income patients. 7 Certain NOACs are also taken twice per day, which may increase the likelihood of noncompliance, yet no study to date has assessed use of NOACs by insurance status. Using the nation's largest clinical data registry of AF, our goal was to better characterize the clinical characteristics, anticoagulation patterns, and longitudinal outcomes among Medicaid patients with AF relative to those with other forms of insurance.
Methods Study Population
We used data from the Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF). The ORBIT-AF study design has been published. 8 Briefly, ORBIT-AF is a prospective, US-based outpatient registry of AF management. Patients ages 18 years or older provided informed consent and were enrolled at 176 clinical sites. ORBIT-AF sites represent a geographically diverse set of providers from multiple specialties, including cardiology, electrophysiology, and primary care. Information on demographics, medical comorbidities, AF history, procedures, medications, and provider characteristics are abstracted and entered into a web-based data collection form. Prospective data on hospitalizations, disease progression, medications, procedures, and vital status is collected at %6 month intervals for 2 years after initial enrollment. The Duke Clinical Research Institute coordinates and manages the study. The ORBIT-AF Registry enrolled 10 135 AF patients between June 2010 and August 2011. After excluding patients who were missing information on insurance or OAC status (n=2), we were left with a final analytic population of N=10 133 patients who completed the baseline study visit.
Study Endpoints
The primary outcome of interest for this study was the proportion of patients who were using OAC (warfarin, dabigatran, or rivaroxaban) at baseline or during follow-up. Current medications at each visit were abstracted from medication lists in the medical record and entered into online data collection forms. Because ORBIT-AF enrolled some patients before the approval of rivaroxaban and Apixaban was not approved until after the enrollment period (2010-2011), OAC at baseline was defined as warfarin or dabigatran use. As a secondary endpoint, we also examined the proportion of patients who were using novel anticoagulants (dabigatran or rivaroxaban) at baseline or at any visit during the 2-year follow-up period. Secondary outcomes of interest included time in therapeutic range (TTR) for warfarin users, allcause mortality, first stroke/systemic embolism, and first major bleed. TTR was calculated using the Rosendaal method. Daily INR values were imputed between the first and last INR measured during follow-up. For patients with 60 days or more between any 2 INR measurements, this time span was excluded from the TTR calculation. Using the Rosendaal method of linear interpolation between each pair of measured INR values, we calculated TTR as the percent of days with INR between 2 and 3 during this period. Stroke/systemic embolism was defined as the composite of all stroke (both ischemic and hemorrhagic) and systemic (non-central nervous system) embolism at any point during follow-up. Major bleeding was defined as any bleeding event meeting International Society of Thrombosis and Hemostatis major bleeding criteria at any point during follow-up.
Medicaid Status
Patients were classified as Medicaid or non-Medicaid based on insurance status as recorded at the baseline visit. Because Medicaid eligibility is based on income and is therefore a proxy for lower SES, 9 we classified Medicaid patients as any patient with Medicaid insurance at baseline, regardless of additional forms of insurance. Of 470 patients insured by Medicaid, N=47 (10%) also had private insurance, n=267 (56.8%) also had Medicare insurance, and n=5 (1.1%) also had military health care. , and diabetes (range, 0-6). 10 The CHA 2 DS 2 -VASc score assigns 2 points each for age ≥75 years and history of stroke or TIA, and 1 point each for CHF/LV dysfunction, hypertension, diabetes, female sex, 65≤age≤74, and vascular disease (range, 0-9). 11 We also examined patterns of reported contraindications among those patients definitively indicated for OAC (CHADS 2 ≥2) because of the possibility that reduced access to care and fewer resources may be associated with less-consistent monitoring and/or medication nonadherence. We limited this analysis to those patients who were OAC indicated because of stroke risk because we were most interested in reasons for nontreatment among the subgroup of patients with the greatest potential stroke reduction benefit with OAC treatment. Among patients who were not treated with OAC at baseline, we compared frequencies of contraindications to OAC by Medicaid status overall and stratified by CHADS 2 score using chi-squared tests.
Statistical Analysis
We assessed the association between receiving baseline OAC and Medicaid status using logistic regression with generalized estimating equations (GEEs) to account for the correlation of patients within sites. All multivariable models were adjusted for the following variables as documented at the baseline visit: demographics ( . All continuous variables were tested for linearity. Nonlinear relationships were found for age, systolic blood pressure, and BMI, which were accounted for using linear splines and truncation. Missing data (<0.2% except left atrial diameter enlargement type, which has 14% missing) on the covariates used in the modeling were handled using multiple imputation. Among patients who were taking OAC, we compared receipt of novel oral anticoagulants (dabigatran or rivaroxaban) versus warfarin by Medicaid status during 2 years of follow-up using the same modeling approach. The association between TTR and Medicaid status was assessed using multivariable-adjusted GEE linear regression modeling. Finally, we compared clinical outcomes by Medicaid status using Cox proportional hazards regression with a robust sandwich covariance estimate.
All P values presented are 2-sided, and we considered P<0.05 to be statistically significant for all analyses. Statistical analysis was performed using SAS software (version 9.3; SAS Institute Inc., Cary, NC). All ORBIT-AF study participants gave written informed consent before enrollment. The Duke Institutional Review Board (IRB) approved the ORBIT-AF Registry, and all participating sites obtained approval from local IRBs before entering patient data.
Results

Baseline Characteristics
Among 10 133 patients enrolled in ORBIT-AF, n=470 (4.6%) had Medicaid insurance at baseline; N=95 patients (0.98%) were uninsured. Distribution of baseline characteristics of the study population by Medicaid status is shown in Table 1 . Compared with patients who did not have Medicaid insurance, Medicaid patients were, on average, younger, more likely to be female, less likely to be white, and more likely to have less than a high school education. Burden of comorbidities was greater in the Medicaid population, with higher rates of CHF, past stroke/ TIA, COPD, smoking, diabetes, and hypertension than among non-Medicaid patients. High stroke risk as estimated by CHADS 2 ≥2 was more common among Medicaid patients (78.7%) than non-Medicaid patients (71.5%; P=0.0004).
Stroke Prevention Therapy
The unadjusted rates of antithrombotic treatment at baseline and during follow-up are shown in Table 2 . The overall rate of OAC use was 76.1% at baseline and 82.0% over follow-up. The overall rate of NOAC use at baseline or follow-up was 16.1%. Medicaid patients were slightly less likely to receive OAC at baseline (72.8% vs 76.3%; P=0.08), but this difference was not statistically significant. Among patients with high stroke risk (CHADS 2 ≥2), Medicaid status was associated with significantly lower rates of OAC receipt (73.2% vs 80.5%; P<0.001). This difference persisted when defining high stroke risk according to CHA 2 DS 2 -VASc >2, with lower rates of OAC among Medicaid patients versus non-Medicaid patients (73.7% vs 78.3%; P=0.02). Results from multivariable regression models of the association between Medicaid status and OAC receipt are shown in Table 2 . Among patients with high stroke risk (CHADS 2 ≥2), Medicaid patients were 32% less likely to receive OAC at baseline than non-Medicaid patients after adjustment. Whereas Medicaid patients overall were less likely to receive OAC at baseline or during follow-up, these differences were not statistically significant after adjustment for clinical covariates. Among warfarin users, TTR was higher for Non-Medicaid patients than for Medicaid patients (median=68 vs 60; P<0.0001). This difference persisted after multivariable adjustment (TTR difference of À2.93; 95% CI, À5.67, À0.19).
Among patients who were taking OAC, Medicaid patients were less likely to receive NOACs than non-Medicaid patients at baseline or during follow-up (12.1% vs 16.3%; P=0.016). Medicaid patients were less likely to receive NOACs in unadjusted models, but this association was attenuated after adjustment. Similar results were found when stratifying patients by stroke risk according to CHA 2 DS 2 -VASc, with lower rates of NOAC receipt in Medicaid patients (15.9% vs 17.6%; P=0.46) and attenuation of results after multivariable modeling adjustment.
Contraindications to Therapy
Figure displays the reported OAC contraindications by Medicaid status, among patients with high stroke risk (CHADS 2 ≥2; n=1449). Medicaid patients were more commonly described as unable to adhere/monitor warfarin as a reported contraindication to OAC, whereas non-Medicaid patients were more likely to have past bleed, patient refusal, and frequent falls/frailty listed as a contraindication to OAC.
Outcomes
Unadjusted and adjusted rates of adverse clinical outcomes by Medicaid status are shown in Table 3 . Medicaid patients had higher unadjusted rates of adverse events compared with non-Medicaid patients, including mortality (6.9% vs 5.6%), stroke/systemic embolism (1.5% vs 1.0%), and major bleeding (4.3% vs 3.8%). However, these differences were attenuated after adjustment for clinical characteristics.
Discussion
We evaluated the association between Medicaid status and receipt of anticoagulation in a large, contemporary population of patients with AF across the United States. Our major findings are as follows: (1) Medicaid patients are younger, yet have higher comorbidity burden and stroke risk than nonMedicaid patients; (2) despite having higher stroke risk and fewer absolute OAC contraindications, Medicaid patients were slightly, but not statistically significantly, less likely to receive OAC at baseline and follow-up; (3) Medicaid patients treated with warfarin spent less time in therapeutic range than nonMedicaid warfarin users; (4) Medicaid patients were less likely to receive NOAC than non-Medicaid patients, but these differences did not persist after adjustment for clinical characteristics; and (5) Medicaid patients had higher rates of mortality, stroke/systemic embolism, and major bleeding, but rates were statistically similar to those of non-Medicaid patients after adjustment. Although paradoxical relationships for stroke prevention have been described, to our knowledge, ours is the first study to examine the association between insurance status, OAC receipt, and clinical outcomes using a large, national US cohort of AF. Although differences in OAC receipt by Medicaid status were attenuated after adjustment in our study, disparities in unadjusted treatment rates were consistent with those observed in past work. In a population of 12 000 patients in the Swedish Stroke Register, patients with higher income levels and university-level education were %20% more likely to receive OAC compared to patients with lower income or educational attainment. 12 Similar patterns have been observed in US-based populations. In a recent analysis of claims data from multiple payer databases, Medicaid patients were significantly more likely to have elevated risk of stroke, but were less likely to be receiving OAC compared with patients with other types of insurance. 7 In a state-level analysis of Medicaid patients with AF in Ohio, fewer than 10% of Medicaid patients were receiving warfarin. 13 There are several possibilities for the observed differences in adjusted rates of OAC use among Medicaid and nonMedicaid patients in our study compared with past work. First, our analysis was based on data from a clinical outpatient registry that were limited to patients who consented to longitudinal follow-up. Therefore, it is possible that patients who consent to participate in ORBIT-AF have greater access to health care resources for anticoagulation management, regardless of health insurance status, which may reduce observed disparities by type of insurance. Second, past work demonstrating differences in OAC use by Medicaid status were conducted using administrative data sets. In our analysis, the observed disparities in OAC treatment were attenuated after adjustment for a set of detailed clinical covariates, some of which are unavailable in administrative claims (ie, vital signs and functional status). Therefore, we were able to adjust for potential confounders not available in claims-only data sets. In contrast to these past studies, we found that after adjusting for clinical factors, Medicaid patients were similarly likely to receive OAC and NOAC. However, Medicaid patients spent less time in therapeutic range compared to nonMedicaid patients. This finding is consistent with past work suggesting that lower income is an independent predictor of poorer anticoagulant control.
14 One case-control analysis of AF patients in Australia reported that patients in the lowest income bracket were 2.7 times more likely to have an INR value of 6.0 or greater compared with those in the middle-income bracket. 15 The increased time spent out of therapeutic range may contribute to the higher unadjusted rates of stroke and major bleeding among Medicaid patients, a finding that has been reported in past work. 16 Given that physicians in our study were more likely to list "inability to adhere/monitor" as an OAC contraindication among Medicaid patients, it is possible that concerns about increased propensity for suboptimal anticoagulation and corresponding event risk contribute to lower treatment rates. Robust evidence for the mechanisms of the association between SES and suboptimal anticoagulation control is limited. Patient use of anticoagulation management resources is likely a function of access to care, which may be reduced in lower-income populations. One study of telephone requests to family and general practice physicians in Ontario, Canada, reported that callers presenting themselves as high-SES patients were 78% more likely to be offered an appointment than the same callers when presenting as low-SES patients. 17 Given that access to anticoagulation management systems of care is associated with increased propensity for anticoagulant receipt, 18 better OAC management support may represent an opportunity to reduce disparities in OAC receipt across socioeconomic strata. Additional work is needed to identify the most appropriate strategies for increasing access to care and improving anticoagulation management in underserved populations.
Limitations
There are several limitations to our study. First, the number of Medicaid patients was somewhat limited, and thus we had limited power to detect small differences in clinical outcomes or treatment receipt by insurance groups. Second, the ORBIT-AF registry is voluntary, and Medicaid patients in our study may not be representative of all Medicaid patients with AF. Consistent with past work, 19, 20 we classified all patients with
Medicaid insurance as "Medicaid," regardless of additional forms of insurance. Because we were unable to further stratify the Medicaid population by other forms of insurance attributed to small numbers of patients in each strata, it is possible that treatment patterns differ within the Medicaid population by those who had additional insurance versus those who did not. Third, we did not have information on other socioeconomic variables that may influence treatment decisions, such as median household income. Residual measured and unmeasured confounding variables may have influenced these findings. Fourth, this study was conducted during the earlier period of NOAC approval (2009) (2010) . Because uptake of NOAC is a dynamic phenomenon, recent treatment patterns may differ. Additionally, because the ORBIT-AF follow-up period was limited to 2 years, it is possible that different results would have been observed with longer followup. Finally, we did not have data on actual prescription drug and/or INR monitoring costs, which may differ by geographical region and could influence choice of OAC therapy.
Conclusions
Medicaid patients represented 5% of the population and had a greater comorbidity burden and higher stroke risk than patients with other forms of insurance in a contemporary, community-based AF cohort. Whereas Medicaid patients were similarly likely to receive OAC compared with patients with other forms of insurance, their TTR was significantly lower. Use of NOAC was not different by insurance status. More research is needed to identify strategies to reduce socioeconomic barriers to optimal anticoagulation in AF populations.
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